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Abstract 
 
In environmental biology, the interspecies interactions are always interesting and much studied as 
these relations may change the destiny and life of individuals and gradually the community 
structure in the given area. In addition to some regular relationships, such as symbiosis, 
commensalism, prey - predator and etc. there is also the term “invasive species”. The effect of such 
invasive species, Marenzellaria spp. is investigated in this survey.  
Marenzelleria spp. belongs to the Phylum Annelida (true worms), Class Polychaeta (bristle worms) 
and Family Spionidae. The Genus Marenzelleria has three species within, which are M. viridis, M. 
neglecta and M. arctia. Past studies showed us that this species can be one of the main “invasive 
species” in the Danish waters originally coming from the Americas and the North Sea over the past 
twenty years by means of ships ballast water. The area chosen to study is the Isefjord, one of the 
important brackish water system in Denmark, where can be considered as a sieve between the 
Atlantic Ocean and Baltic Sea, a good transition point. 
The main focuses of this report is on any changes of other species living locally in the fjord 
according to the presence or absence of this above mentioned species, another polychaeta Hediste 
diversicolor (which is likely to be the main rival of Marenzelleria spp..), Neanthes succinea; 
gastropoda Hydrobia spp., bivalvia Macoma balthica, Mya arenaria; and crustacea Corophium 
volutator. These interspecies balances also change according to the numbers of animals present in 
the area. This two make our main hypothesis and backbone of the whole project. 
 
Samples were collected from different parts of Isefjord, animals were counted and named into their 
species with the help of key books and research papers, the physical and chemical environment 
measured, i.e. salinity, organic content. Statistical analyses were on the collected data using the 
software Primer, maps and plans added, indices, graphs, tables made explaining both positive and 
negative correlations. These all showed us in the end that the different species are affected in 
different ways with the presence and changing abundance of Marenzelleria spp. and to our 
knowledge, the relationship between Hydrobia spp. and Marenzelleria spp. has been presented for 
the first time in this project showing a significant negative correlation.  
 
The presence of Marenzellaria spp. did show to change the community structure, but no evidence 
was found to suggest that the changes cause less biodiversity.  
 
Further studies should be made to understand better this very specific environment and its 
inhabitants’ relationships, as future is yet unknown for the locals against Marenzelleria spp. 
 
Key words: Marenzelleria spp., invasive species, brackish water, Isefjord, community structure, 
estuarine macro fauna, biodiversity, competition. 
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1.0 Introduction           
 
Everywhere in the world ecological communities are changing due to biological processes, 
environmental changes and in many cases the impacts of human activity. Ever since humans started 
travelling and exploring the earth, the world has been faced with issues threatening the structures of 
the native communities. Many marine species were transported, often over long distances as a result 
of ships traffic (e.g. carrying species larvae in the ballast water). These newly introduced species, or 
invasive species as they have come to be known, have in some cases been able to establish 
themselves in the new environment becoming part of the local community. Some invasive species 
even seem to alter the whole structure of the local community causing threats to some of the 
indigenous species due to competition or predation.  
Even thought introduction of new species into the Danish waters have been ongoing for centuries, 
little is still known about the impacts and even threats they pose to the local community. 
Marenzelleria spp. is one of the newcomers in the Danish marine and estuary environment, having 
the first record in Ringkøbing Fjord in 1990 (Kirkegaard, 1990). Since then the spionid polychaete 
seems to have established itself in the local communities of most of the Danish estuaries.  
This report deals with the effects on the community after the introduction of Marenzelleria spp.; 
looking at both single species interactions with the invasive species together with the 
composition/structure of the community as a whole, selecting Isefjord as our site of investigation. 
 
1.1 Invasive species; Reasons and Consequences 
In this subchapter the term “invasive species” will be introduced and what species invasion is and 
how and why it occurs will be summarized shortly, to supply some theoretic background on what it 
is that is being studied by this survey. 
    
1.1.1 What is an invasive species? 
Invasive species are commonly used to refer to species that does economic harm to human societies 
or that pose a major threat to human health or to the entire ecosystem (Anonymous, 2008; Jensen, 
2008). Species invasion will here be the term that refers to the introduction and establishment of a 
non-indigenous species, whether it is harmful or not. 
 
1.1.2 Dispersion as a limiting factor for range of species 
The first phase of species invasion is essentially a form of dispersal, where the species range is 
enlarged. As we shall see the polychaete Marenzelleria spp. exercises both jump dispersal and 
diffusion (Krebs, 2001 p. 47) in its dispersal into European estuarine areas.    
The ability to disperse is a major constraint to some organisms, preventing them from ever reaching 
potentially suited habitats (Krebs, 2001 p. 41ff). Human traffic is supplying an enhanced vector for 
dispersal, for instance through the carrying of ballast water. “The vast quantities of ballast water 
carried across oceans by ships represents a major source for biological invasions of non-
indigenous species into marine ecosystems” (Carlton & Geller, 1993). For example, the accidental 
introduction of the European ‘pest’ mussels (Dreissena spp.) into North American waters (Spidle et 
al. 1994) has a high impact onto the autochthonic [indigenous] fauna in the new habitat (Dermott 
& Kerec, 1997; Bastrop & Blank, 2006). 
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1.1.3 Establishment of a new species 
The second phase of invasion is when the problem of dispersal is overcome. Only few species 
manage to establish, (approx. 10% (Krebs, 2001 p. 55)) fewer yet become abundant (approx. 1% 
(Krebs, 2001 p. 55)). The interesting question is whether the invading species has an impact upon 
the communities that exist prior to its arrival. This survey aims to see whether Marenzelleria spp. 
has any effect upon the benthic macro fauna community. 
 
1.2 Marenzelleria spp. 
The polychaete worm Marenzelleria spp. will hereunder be introduced along with its invasion 
history of the European waters and its possible effects upon indigenous fauna. 
Subspecies distinction within the Marenzelleria genus is only possible with molecular techniques 
(Blank et al. 2007) which have not been available to this project. Hence Marenzelleria will be 
identified solely as a genus in this report. 
 
1.2.1 Marenzelleria spp. biology  
Marenzelleria spp. belongs to the Phylum Annelida (true worms), Class Polychaeta (bristle worms) 
and Family Spionidae. The Genus Marenzelleria has three species within, which are M. viridis, M. 
neglecta and M. arctia. Marenzelleria spp. has a life cycle of 4-12 weeks as a pelagic larva and up 
to 3 years in the benthic stage. The large amounts of larvae can be one of the reasone why 
Marenzellaria is able to disperse so rapidly (Zettler et al. 2002). It exercises principal suspension 
feeding (Zettler & Bick, 1996) but is also a deposit feeder (Kotta & Olafson, 2003). The distribution 
pattern of Marenzelleria spp. is significantly patchy, with heterogeneous patches from 0.4 m2 - 9 m2 
(Zettler & Bick, 1996).  
 
1.2.2 Interaction between Marenzelleria spp. and other species 
Interaction between Marenzelleria spp. and species native to European brackish water systems, 
especially the Baltic has been the aim of a handful of studies and the findings are listed here below. 
Zettler (2002) writes that the presence of Marenzelleria spp. in the Darss-Zingst Bodden had a 
positive effect upon many species of the benthic fauna, such as Hediste diversicolor, chironomid 
larvae and hydrobid gastropods. According to Zettler (2002) only Corophium volutator showed a 
negative correlation with Marenzelleria spp. Kotta & Olafson (2003) found that Marenzelleria 
interacted by competition with the amphipod Monopereia affinis in the Baltic. Kotta et al. (2001) 
found that Marenzelleria spp. increased benthic primary production biomass (measured as chl. a), 
caused mortality for Hediste diversicolor and suffered high mortality in the presence of Macoma 
balthica. Kotta et al. (2006) found that Marenzelleria increased production (chl. a), caused 
mortality for Hediste diversicolor and Monopereia affinis and finds indication that Marenzelleria is 
in the initial stage of invasion. 
Zettler (1996) finds significant negative correlation between Marenzelleria spp. and Corophium 
volutator as well as between Marenzelleria and Naididae. 
 
1.2.3 Marenzelleria invasion history and current distribution 
Apparently the polychaete Marenzelleria spp. has been successful in dispersing into European 
estuarine areas using human ships traffic although there is doubt as to the exact history of 
Marenzelleria dispersal (Zettler, 1997c p. 233ff). Nevertheless it is commonly believed that ballast 
water carried Marenzelleria (Zettler et al. 2002), as the case in many other marine invasions (Jensen 
& Knudsen, 2005; Bastrop & Blank, 2006), from North America to European waters and facilitated 
its dispersal in these waters (Bastrop & Blank, 2006 p. 1195-1196). The first well documented 
record was in the Forth Estuary, Scotland in 1979 (Elliott & Kingston, 1987). Marenzelleria spp. 
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spread to the estuaries of the North Sea (Blank et al. 2008) and to the Baltic (Zettler et al. 2002) in 
the following years and is still expanding its range. 
 
 
 
 
Fig. 1 Marenzelleria spp. distribution and abundance from 1985-1990  
(Zettler et al 2002) 
 
 
1.2.4 The findings of Marenzelleria in Denmark  
Isefjord, the location of this survey, might be populated from either the Baltic Sea population of 
Marenzelleria spp. or the North Sea population of Marenzelleria spp. 
The Isefjord has not yet been thoroughly examined but there has been anecdotal evidence of 
Marenzelleria being found at Rørvig in the outer part of the fjord. It seems that Marenzelleria has 
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showed up only recently. Gary T. Banta from Roskilde University, Denmark has worked with the 
organism and supports the view that Marenzelleria is currently ‘invading’ the Isefjord (personal 
communication). 
The Studies of Marenzelleria in Danish waters are relatively scarce although studies have been 
made in Ringkøbing Fjord and Nissum Fjord (Jensen & Knudsen, 2005) as well as in the Øresund 
(Blank et al. 2007). Currently more research is being conducted on Marenzelleria spp. in Danish 
waters. 
 
1.3 Benthic fauna communities in estuaries  
Benthic communities are complex systems that are controlled by a variety of factors ranging from 
physical conditions to species composition. Some of these characteristics are important in order to 
fully understand the changes and varieties we observe in nature and will be mentioned in the 
following. 
 
1.3.1 Brackish water communities    
There are 2 general theoretical approaches to explaining brackish water fauna communities, 
especially in regards to the relatively few numbers of species present.  
One view is that it is “…mainly impoverished versions of that marine fauna that inhabits shallow 
areas of soft sediment.” (Barnes, 1994 p. 27) The brackish water fauna consists of marine species 
that are fresh-water tolerant and fresh-water species that are salinity tolerant. The contrasting view, 
propagated by A. Remane amongst others suggests that there are essentially unique brackish water 
species (Remane, 1972). The community of any brackish water habitat is always under a lot of 
environmental stress (Barnes, 1994 p. 16ff) which has the consequence that local extinctions and 
recolonizations happens frequently (Barnes, 1994 p. 28). Species “…distribution are dynamic and 
ever changing, as is the estuarine environment itself.” (Barnes, 1994 p. 28) The brackish water 
species are “…extremely generalist in their diets.”(Barnes, 1994 p. 33) Using different modes of 
feeding, some switching between all the modes possible; predation, scavenging, suspension feeding, 
deposit feeding (Barnes, 1994 p. 33).  
 
1.3.2 Impacts of physical characteristics on estuarine communities 
Salinity, bottom types, organic matter content of sediment and exposure and disturbance are 
important features for the benthic fauna and are here to be mentioned shortly.  
 
Salinity is very important to water-living animals and the concentration and fluctuation largely 
determine which animals are able to survive and reproduce at a given location (Barnes, 1994). 
Benthic animals are somewhat more tolerant to salinity fluctuations than pelagic ones, as the 
sediment offers some protection (Little, 2000). Salinity in general has less importance than the 
composition of the sediment (Barnes, 1994 p. 19) Rocky shores offer little protection, since it can 
be described as a two-dimensional environment. Organisms living here are usually sessile, since 
they need to be able to defend themselves, lacking the option to run and hide. In sand and mud this 
option is readily available, and many organisms can burrow several centimetres into the sediment 
very quickly, to avoid predators. By being mobile, soft-bottom habitants can also easier avoid 
competition from neighbours. Another advantage of living in the sediment is that because organic 
materials usually end up as small particles, they accumulate in sediments – so it is often possible to 
make a living simply by eating the sediment, especially in the finer muds. Sandy and muddy 
bottoms are quite different in respect to the level of oxygen at different depths. Sand being more 
permeable and thus having oxygen available at greater depth (Little, 2000 p. 25).  
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Sandy or muddy bottoms can quickly change, due to a storm or similar, thus a certain degree of 
flexibility is needed by the inhabitants. This has favoured species with a range of different surviving 
strategies. (Little, 2000 p. 2-4). Most animals on soft bottoms live in the sediment, the so called 
infauna. These are very dependant on the type and size of the particles, since this has a high effect 
on the supply of water, oxygen and nutrients. Particles are often expressed using the logarithmic 
scale, namely the Wentworth scale (Appendix 2; Little, 2000 p. 13). 
 
The size of the particle determines what sediments are called (see table 1, appendix). Most 
sediments are a combination of many size fractions, making it sometimes hard to define sediment as 
“sand” or “clay”. A common way to get past this problem is to use the mode (the most abundant 
size-fraction) as a single parameter, and thus give the sediment a single label. Many things change 
with the particle size, one of the most important being the distinction between mud and sand, since 
particles less than 63 µm will bind together. This makes mudbeds, as a whole, much more stable, 
whereas e.g. sand is more of a subject to erosion (Little, 2000).  
  
The organic matter in soft bottom sediment comes from many different sources, but whatever its 
source, this material has been derived by breakdown of animal and plant material, detritus. Detritus 
is defines as the organic carbon lost from any tropic level, but excluding losses by predation 
(Fenchel & Jørgensen, 1977). As many of the soft bottom inhabitants feed upon the sediment 
organic content (Little, 2000) it is an important feature for those. Also the use of oxygen for 
microbial processing of detritus (Little, 2000) has influence on sediment characteristics, and thus 
which animals live there. 
 
Sheltered areas in estuaries are especially subject to the settlement of fine particles, that fall much 
slower than large and thus are kept in the water column in highly pertubated areas (Barnes, 2007). 
Therefore the proneness of a bottom to be disturbed has great importance for the fauna that inhabits 
it. 
 
1.4 Isefjord  
The landscape of north western Zealand was formed during the glaciation of the Weichsel Ice Age, 
between 70.000 and 12.500 before present (Bondesen, 2008). Both on geological and historical 
scales fluctuations in sea level have occurred. The period of maximum sea level was from 5000 BC 
- 3000 BC (Bondesen, 2008) and within the last millennium fluctuations in the order of +10 cm to -
25cm (Bondesen, 2001) have changed the shores of Isefjord. Being located in the southern Kattegat, 
Isefjord lies in a transition zone between the North Sea and the Baltic.  
 
1.4.1 Salinity data from Isefjord  
In the Isefjord the mean monthly salinity at the surface ranges from 14 to 27‰ at the entrance area 
(Rasmussen, 1973). When following the division of the Venice System, the Isefjord proper can be 
classified as a polyhaline area. The salinity is periodically influenced by local climatological 
conditions, especially in summer when evaporation from the surface of the sea may occur in 
connection with high air temperature and a consequent high water temperature. (Rasmussen, 1973) 
The mean annual salinity at the entrance area and partly also at the Outer Broad was 19,4‰ (for the 
period 1895-1916, Naut. Meteorol. Ann.,1932, Rørvig). The maximum salinity was reached in 
winter and the minimum in summer. This corresponds to conditions in the Belt Sea and the southern 
part of the Kattegat (Brattström, 1941, p. 81). However, it also appears that mean annual salinity at 
Rørvig was higher than at the Kattegat S.W. lightship (19.4 ‰ against 18.6 ‰) It should also be 
emphasised that in the shallow fjord the salinity at the surface and bottom seldom differed, due to 
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mixing of water layers by wind pressure. Moreover, when differences occurred they were most 
pronounced at the entrance area and highest throughout the fjord in the melting period in spring 
(Rasmussen, 1973). Whether this trend holds true still is uncertain, in the period 2005-2006 salinity 
was slightly lower. There was harshly any difference between the Inner Broad – ranging from 14% 
to 22% (MADS) - and the Outer Broad- from 17-23 (MADS). Variations between the areas of the 
fjord were so small that they are not likely to produce any substantial impact on the fauna 
distribution (see 1.3.2). 
 
1.4.2 Benthic Macro fauna in Isefjord  
E. Rasmussen has made the arguably largest work on fauna of the Isefjord. Somewhat outdated it is 
still a valuable source for general information on the fauna found here and is used in this report. 
Included are some of his findings about benthic macro fauna animals that are focused upon in this 
report. 
Hediste (Nereis) diversicolor/ Neanthes succinea (that have not been distinguished between in the 
analysis due to difficulties that arose from bad preservation), Macoma balthica, Pygospio elegans, 
Hydrobia spp. and Mya arenaria were found to be common (Rasmussen, 1973), although Hediste 
diversicolor declined from 1950 and N. virens increased. In the 1960’s N. virens was the 
dominating nereid worm in the sandy shallows, in practically any part of the main area, apart from 
the most brackish areas where H. diversicolor still dominated. H. diversicolor and N. succinea were 
never found together, the latter being more of a predator. Corophium volutator was seen to be 
uncommon, as was Spio filicornis (Rasmussen, 1973).  
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2.0 Problem formulation, problem area & limitations                          
 
The overall question: Does the benthic fauna community structure of Isefjord change due to the 
invasion of the spionid polychaete Marenzelleria spp..? 
 
A few words on how and why will be given. Based on literature and our results an attempt to 
establish an explanatory model for what we observe in our data will be made, as statistically proven 
trends have no relevance if there is absolutely no sensible explanation for what is going on. 
 
Our hypothesis: Marenzelleria spp.. presence will change the benthic community structure.  
 
Hediste diversicolor, Macoma balthica and Corophium volutator will receive special attention, 
because they were in literature shown to interact with Marenzelleria spp. Also we will look out for 
abundant species in Isefjord that seem to respond to Marenzelleria spp. presence and abundance. 
Hediste diversicolor is expected to decrease in abundance. 
Macoma balthica is expected to increase or to be unaffected. Marenzelleria spp. should not be able 
to establish itself as thoroughly in areas of high M. balthica abundance. 
C. volutator should come under further pressure, but as it is not very abundant in Isefjord it is not a 
major aim of this study. 
 
Geographical limitation: 
In order to answer our main question we consider the Isefjord system, both the inner and outer 
fjord, and will disregard the Roskilde fjord system as Isefjord is much more homogeneous with 
regards to the physical conditions such as salinity. 
 
Expectations: 
We don’t expect Marenzelleria spp. to be present in the inner part of the fjord thus this will give us 
a good chance for comparison with the high density areas of Marenzelleria spp. that we expect to 
find in the outer part of the fjord. Variations in soil structure and organic content of soil between 
stations will be the important factors in regards to which animals are found.  
 
Assumptions:  
Where Marenzelleria spp.. is not found is representative of Isefjord before Marenzelleria spp.. 
invasion. Where Marenzelleria spp.. is found is representative of Isefjord after Marenzelleria spp.. 
invasion. 
As Marenzelleria spp.. inhabits a large variety of habitats and is very abundant this seems a fair 
assumption. 
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3.0 Methods       
 
3.0 Survey Design 
In order to test our hypothesis we designed a quantitative biological survey in Isefjord and 
considerations were made on the site selection regarding the physical condition such as salinity and 
bottom types. We chose Isefjord to ensure a site with relatively homogenous physical parameters. 
With time and labour considerations in mind we chose a design that meant going to 14 different 
stations collecting 2 samples of the benthos along the shoreline at each station. Sediment cores and 
water samples were also collected in order to determine the salinity, the organic content of the 
sediment and the particle size fractions of each station. Furthermore visual observations were made 
from each station. The fauna samples were sorted and animal species were identified and counted 
for statistical analysis.  
   
 
 
Fig. 2 Map of the site and the sampling stations in Isefjord. 
Created in ArcGIS (v.9) 
3.1 Sampling Methods 
With the help of satellite images and field observations we picked out 14 stations that fit our 
requirements for a sandy bottom environment which we know that Marenzelleria spp.. mostly 
prefers. At each station 2 subsamples were collected using stratified random sampling in depths of 
1-1,5 m. In some areas with heavy bottom vegetation and presence of larger stones deliberate 
sampling at sandy patches within the station was necessary.  
 
Station Samples Location Date of sampling Station characteristics 
A A1 & A3 55° N 56’635” 
011° E 45’891” 
October 2nd, 2008 Uniform sandy bottom w. minimum vegetation  
C C2 & C4 55° N 57’927” 
011° E 47’128” 
October 2nd, 2008 Rocky bottom w. sandy patches. Medium wave exposure. 
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E E1 & E2 55 N° 55’578” 
011° E 54’159” 
October 13th, 2008 Sandy/stony bottom, shallow water, medium vegetation. 
F F2 & F3 55° N 50’058” 
011° E 56’896” 
October 13th, 2008 Sandy bottom w. sea banks, shallow water, low 
vegetation. 
G G3 & G5 55° N 48’419” 
011° E 52’811” 
October 13th, 2008 Sandy bottom w. rocks, low wave exposure, high on 
vegetation. 
J J2 & J5 55° N 55’355” 
011° E 44’940” 
October 16th, 2008 Sandy bottom, high on vegetation. 
K K1 & K5 55° N 54’879” 
011° E 41’806” 
October 16th, 2008 Sandy/clayosh bottom, medium vegetation. 
L L1 & L2 55° N 53’933” 
011° E 40’ 130” 
October 16th, 2008 Sandy bottom w. sandbanks, shallow water, low wave 
exposure. 
M M3 & M5 55 °N 53’759” 
011° E 40’033” 
October 16th, 2008 Sandy bottom w. sandbanks, shallow water, low wave 
exposure. 
N N4 & N5 55 °N 52’794” 
011° E 40’370” 
October 16th, 2008 Sandy/clay bottom, shallow water, high on vegetation, 
low wave exposure. 
O O2 & O5 55 °N 44’653” 
011° E 46’126” 
October 22nd, 2008 No Data 
Q Q3 & Q5 55 °N 46’332” 
011° E 37’854” 
October 22nd, 2008 Shallow water, low wave exposure, close to a freshwater 
stream. 
S S1 & S3 55 °N 55’907” 
011° E 45’203” 
October 22nd, 2008 Shallow water, patchiness of vegetation. 
Tab. 1 Overview of sampling station coordinates 
 
 
 
To extract the samples we used a smørstik with covering an area of 176,625 cm² penetrating 30 cm 
deep equivalent to the range of Marenzelleria spp.. in sediments. The samples were sieved with a 1-
mm mesh size sieve in the field using saltwater to gently wash out sediment particles. All samples 
were then transferred to hard plastic buckets and preserved using 95% ethanol added to each 
sample.  Each sample was stirred regularly to ensure maximum preservation of the sample. 
Sediment core samples were taken from each station (except stations A and C) and the top 2 cm 
layer of the sediment was mixed to make it homogenous and then 2 the-spoons of the sediment was 
removed in order to measure the organic content by loss on ignition.  
The top 12 cm of the core was referred to a bucket and stirred carefully, 2 the-spoons of the wet 
sediment was transferred to an aluminium tray weight then dried and weight to get the dry weight to 
wet weight conversion factor. The rest of the sediment from the bucket was very carefully sieved 
through a stack of sieves of various mesh sizes (4mm; 2mm; 1mm; 500µm; 250µm; 125µm; 63µm) 
and from each sieve layer the sediment was transferred to aluminium trays and dried in the oven at 
90 degrees Celsius over night. After drying the samples were transferred to a desiccator until room 
temperature was reached. The trays were now weight again and the amount of sediment in each size 
fraction was calculated by multiplying the dry weight of each size fraction with the dry weight to 
wet weight conversion factor. The results were plotted in an Excel spread sheet and graphed as pie 
diagrams (see result section). 
 
Loss on ignition was done by burning a fraction of the top 2 cm sediment layer from each station at 
approx. 550 degrees Celcius for 2 hours. The weight fraction lost by ignition from each station was 
plotted in an excel spread sheet and a histogram was created (see result section). 
Water samples were collected at each sampling station in 0,5 L hard plastic buckets and brought to 
the lab for salinity measurement. The salinity fort each station was measured using a Atago S/Mil 
(0~100 o/oo) Hand Refractometer and plotted in an Excel spread sheet as a histogram (see result 
section).   
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3.2 Species Identification 
Species from each sample was extracted and examined in Petri dishes with the help of magnifying 
glasses (commercial name, Olympos SZ40) and identification was done with the help of Barnes key 
to estuarine species (Barnes, 1994), Handbook of the Marina Fauna of North-West Europe 
(Hayward & Ryland, 1998), Danske Havmuslinger (Bondesen, 1984) and Danske Havsnegle 
(Bondesen, 1994). In some cases the samples were not optimally preserved which made 
identification difficult, therefore most specimen samples were cross checked by a second and/or 
third person. In many of the samples worms had been torn in two or more parts as a result of the 
handling of the samples, so therefore the counting of the individuals were in most cases done by; 
(number of heads×number of tails) / 2. However in cases were there was an unequal number of 
heads and tails the largest number was chosen to represent the number of whole individuals (e.g. in 
a sample with 3 heads and 2 tails the count would be 3 individuals). 
 
3.3 Statistical methods 
All species names and counts were plotted in an Excel spread sheet with the species names down 
the y-axis and the sample no. out the x-axis.  
The data was brought into PRIMER (version 5.2.9), where a similarity matrix was made, consisting 
of Bray-Curtis coefficients. This coefficient was chosen, due to it being the most commonly used 
similarity coefficient in ecology. This is mainly because of its high flexibility and its ability to cope 
with many nil values. (Clarke et al. 2001). 
The results were then turned into MDS-plots, where differences between samples were made into 
distances, and the best possible 2-dimensional (and 3-dimentional) map possible was constructed.  
In Primer an ANOSIM test was used to determine the sample statistic (Global R), a number 
between -1 and 1, R=1 only when all replicates within groups are more similar to each other than 
any replicates from different sites. R is approximately zero if the null hypothesis is true, so that 
similarities between and within groups be the same on average. R will usually fall between 0 and 1, 
indicating some degree of discrimination between the groups. R substantially less than zero is 
unlikely since it would correspond to similarities across different groups being higher than those 
within groups. The ANOSIM test will also calculate a significance level by referring the observed 
value of R to its permutation distribution. If the nil hypothesis is true, the likely spread of values of 
R is given by the random rearrangements, so that if the true value of R looks unlikely to have come 
form this distribution there is evidence to reject the null hypothesis (Clarke et al. 2001). 
A SIMPER analysis was used to find the major species, contributing most to the difference between 
groups. We chose to distinguish between samples with and samples without Marenzelleria spp.., 
since this was our main problem formulation. 
We chose to 4-root transform the numbers of all species, since if it weren’t done, Hydrobia spp. 
contribution to the differences between groups would be more than 65 %. With the transformation 
this would be reduced to the more acceptable 14 %. 
Correlation tests were carried out using Spearman’s Correlation test. Regression test could not be 
applied, since the results didn’t have a normal distribution around the calculated straight line. 
Spearman’s test is a non-parametric test, which transforms the numbers into ranks, using these to 
calculate a correlation between -1 and 1. Values around zero means no correlation, while minus 
means negative correlations and plus means positive correlations. All samples are taken into 
account, even samples where neither of the species, which relationship is looked for, is present.  
Correlations with many tied ranks should be used with caution, since when more than about half the 
ranks are tied, result become increasingly unreliable. 
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To calculate diversity, the most widely used diversity measure was used, namely the Shannon (or 
Shannon-Wiener) index: 
 
 
 
Where pi is the proportion of the total counts arising from the ith specie. 
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4.0 Data Presentation      
 
In this section will be presented the data collected of the physical characteristics (salinity, organic 
matter content and particle size fractions).  
The fauna data sheet is placed in the appendix (appendix 1). 
 
4.1 Salinity Data 
The measured salinity in Isefjord agrees with the ones found in the national database for marine 
data (MADS), only changing between 17 and 20 ‰. A variability of this size is expected, and 
shouldn’t have any impact on the local macro fauna.  
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Fig. 3 Table of salinity measurements from each station 
 
 
4.2 Particle size fractions of the sediment 
 
The characteristics of sediment texture vary quite a bit from station to station. Most of the places 
were mostly sandy bottoms, varying from mostly fine sand, with a large quantity of very fine sand 
in station Q and S to mostly coarse sand with a large quantity of very coarse sand in station L.  
Station J, and to some extend station O differed since a large quantity of gravel was present (see 
figure 4). 
The percentage of mud varied from 24 % at station K to almost nothing in O, G, M and S.  
This was expected, since we sought sandy bottoms as our preferred sediment type. 
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Fig. 4 Grain size fraction distribution graphs from each sampling station 
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Fig. 5 Legend for grain sizes 
 
4.3 Organic content of the sediment 
Almost all the stations had a relative low amount of organic content, ranging from 0,16 % to 0,43 
%. Two stations differed notably from this pattern, namely Station J and K which had markedly 
higher values (see figure 5). 
 
 
Organic Content data
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
A B C D E F G I J K L M N O S Q
sample site
or
ga
ni
c 
co
nt
en
 (
%
)
 
Fig. 6 Table of organic content of the sediment at each sampling station 
 
The station characteristics together with the fauna data will be analysed in the next section 
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5.0 Data Analysis & Results      
 
5.1 The statistical analysis  
Marenzelleria spp.. density for each station (with 2 samples made at each) was plotted on a map of 
Isefjord, to give an overview of Marenzellerias spp. distribution pattern.  
On the western side of Isefjord the density of Marenzelleria spp.. seems to decrease as one moves 
south. The eastern side of Isefjord this seems to display the contrary pattern with abundance 
increasing southwards.  
 
 
Fig. 7 Map of stations indicating the presence (red dots) and abundance of Marenzelleria spp .in Isefjord. 
Created in ArcGIS (v. 9) 
 
 
 
To see if the samples with Marenzelleria spp.. were different than samples without Marenzelleria 
spp.., the similarity index was plotted as an MDS plot. This plot is very easy to comprehend, since it 
construct a map of the samples witch attempts to satisfy all the conditions imposed by the rank 
similarity matrix (Clarke et al., 2001). This means that the closer the samples are, the more they are 
alike.  
A clear pattern emerges with samples with high Marenzelleria spp.. presence being found near 
other samples with Marenzelleria spp... The stress value in this plot is 0.18, which is a bit high. The 
details of this plot can therefore not be relied on completely (Clarke & Warwick, 2001). The 3D 
graph (not shown) further supports the pattern, decreasing the stress value to 0,14, thus making it 
more reliable. This suggests that communities with Marenzelleria spp.. are different from those 
without Marenzelleria spp.. 
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Fig. 8 MDS plot of all species data for each replicate sample (indicated by the replicate number). Abundance data was 
fourth root converted, Bray-Curtis similarity. The size of the circle indicates abundance of Marenzelleria in sample the 
most abundant being 1 
 
 
 
To see if Marenzelleria spp.. had any effect on the other macro fauna species, a similarity index was 
also calculated from the species list, where Marenzelleria spp.. was removed from the list. This was 
done so that it would not contribute directly to the index, and by this being the factor that was 
responsible for the change in community. The idea is looking at the rest of the species, to see if a 
difference could be detected.  
 
To see if the samples with Marenzelleria spp.. were different than samples without Marenzelleria 
spp.., the similarity index was plotted as an MDS plot.  
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Fig. 9 MDS plot of stations, after exclusion of Marenzelleria from the data set. Stations where Marenzelleria spp. was 
present are indicated in green while stations without Marenzelleria spp. are shown in white. 
 
. 
 
Green triangles, representing samples with Marenzelleria spp.., seems to be more or less clumped 
together. In the right side only green triangles are present, and in the left, they seem to be clustered 
together right in the middle of the white ones. This suggest there being a difference in community 
structure when Marenzelleria spp.. present from not present. 
 
To see if this difference is significant a 1-way ANOSIM test was made using two factors, 
Marenzelleria spp.. present and Marenzelleria spp.. not present.  
 
Running the test with 200.000 permutations a sample statistic (Global R) value at 0,106 was 
achieved, with a significance level of 1.6%. Our Null Hypothesis is in this case, that no difference 
can be seen from samples with Marenzelleria spp.. to sites without. The Null Hypothesis, H0, can 
be rejected with a significance level of <5%, meaning that there is a significant difference in the 
macro fauna communities, when Marenzelleria spp.. is present as compared to Marenzelleria spp.. 
not present.  
 
To test what it is that makes the two types of communities different, the abiotic factors and the 
biotic factors should be investigated. 
 
To see if community difference could be caused by station physical characteristics a MDS plot of 
the physical properties of the station was made from a similarity matrix consisting five different 
grain sizes, organic content and salinity.  
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Fig. 10 MDS plot of physical characteristics at stations 
 
MDS plot of physical characteristics at stations shows a different pattern than the MDS plots of 
fauna data for each sample. 
To find what contributes to the difference between samples with and without Marenzelleria spp.., a 
SIMPER analysis was constructed. It consist of three different analysis – one where Marenzelleria 
spp.. is present, one where its not, and one where the difference between these two groups are 
measured. 
Again, the data was 4th root transformed using the Bray-Curtis similarity. 
 
Species      Av.Abund. Av.Sim Contrib% Cum.% 
Hydrobia spp..       96.5 10.18 36.38 36.38 
Heteromastus filiformis                               5.93 7.42 26.52 62.9 
Hediste (Nereis) diversicolor/Neanthes 
succinea       
1.36 2.59 9.27 72.17 
Spio filicornis                                       2.5 1.58 5.64 77.82 
Macoma balthica                                       0.43 1.57 5.6 83.42 
Arenicola marina                                      0.64 1.45 5.2 88.61 
Tubificids                                            0.79 0.83 2.95 91.56 
Tab. 2 Simper analysis with Marenzelleria spp. present 
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Species      Av.Abund. Av.Sim Contrib% Cum.% 
Hydrobia spp..  126,71 21,68 54,55 54,55 
Tubificids                                            5,79  3,84 9,66 64,21 
Mya arenaria                                          3,14 2,95 7,43  71,64 
Macoma balthica                                       1,36 2,09  5,26 76,90 
Heteromastus filiformis                              12,21     2,09       5,26   82,16 
Cerastoderma edule                                    4,57     1,86       4,69   86,85 
Hediste (Nereis) diversicolor/Neanthes 
succinea       
4,14     1,11       2,79   89,64 
Tab. 3 Simper analysis without Marenzelleria spp. 
 
Species                                                     Av.Abund 
with Mz.    
Av.Abund 
without 
Mz.   
Av.Diss  Change%  Contrib%  Cum.% 
Hydrobia spp..                                            96.50 126.71 9.75 -24 14.03 14.03
Heteromastus filiformis                              5.93 12.21 5.48 -51 7.88 21.91
Tubificids                                                    0.79 5.79 4.60 -86 6.62 28.53
Mya arenaria                                              0.07 3.14 3.97 -98 5.72 34.25
Hediste (Nereis) diversicolor/Neanthes 
succinea                          
1.36 4.14 3.96 -67 5.70 39.95
Cerastoderma edule                                  0.29 4.57 3.64 -96 5.23 45.18
Macoma balthica                                        0.43 1.36 3.23 -68 4.65 49.83
Spio filicornis                                              2.50 0.86 3.06 +191 4.40 54.23
Tab. 4 Simper analysis of the 8 species that contributes most to the dissimilarity between the groups Marenzelleria spp. 
present, and Marenzelleria spp. not present 
 
Now the eight most contributing species are found: Hydrobia spp.., Heteromastus filiformis, 
Hediste diversicolor/Neanthes succinea, Tubificids, Mya arenaria, Macoma balthica, 
Cerastoderma edule and Spio filicornis. The cumulative contributing to the dissimilarity between 
groups for these species are 54,23%, thus making them more important to the difference between 
groups than all the rest together. 
 
More species showed clear differences in abundance with and without Marenzelleria spp.. being 
present but where not included because of lacking presence in most samples. This makes it more 
probable that the change in percent occur from randomness.  
Most of the species above were less abundant when Marenzelleria spp. was present, with the 
exception of Spio filicornis that has almost three times as high abundance where Marenzelleria spp.. 
is present. 
 
5.2 Changes in community 
To see how the species influenced on each other, a non-parametric correlation test (spearman’s) was 
carried out on the major species identified by the simper analysis, including Marenzelleria spp.. 
Caution should be taken in using these coefficients, since they become increasingly unreliable when 
more than about half the ranks are tied (Fowler et al., 1998). And with the many zero values of this 
dataset, this is the issue here.  
Furthermore, since this is not a global test, carrying out 36 different statistical test, 1,8 in average 
will be significant and 0,36 will be very significant from mere chance.   
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Marenzelleria spp.. 1                
Hediste Diversicolor/ 
Neanthes succinea -0.071 1               
Hydrobia spp.. -0.586 0.268 1             
Macoma balthica -0.358 -0.084 0.418 1           
Spio filicornis 0.246 -0.103 -0.181 0.144 1         
Heteromastus filiformis 0.240 0.537 -0.075 -0.124 0.102 1       
Tubificids -0.381 0.461 0.280 0.011 0.123 0.443 1     
Cerastoderma edule -0.360 -0.360 0.210 0.269 0.062 -0.288 -0.084 1   
Mya arenaria -0.457 0.203 0.333 0.052 -0.213 -0.118 0.432 0.175 1
Tab. 5 Spearman’s Correlation Matrix of the 9 major species 
 
 
Very significant values (p<0.01) 
 
Significant values (p<0.05) 
 
Critical value for 5 % significance, two-tailed test with 28 measurements is 0,377 (Fowler et al., 
1998). 
Scatterplots were made for important relationships to make it more obvious what the correlation 
cover. 
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Fig. 11 Scatterplot showing the relation between Marenzelleria spp.and H. diversicolor. Correlation: 0,071 
 
Even though no correlation could be detected, high numbers for one species seems to occur only 
when there are low numbers of the other species. 
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Fig. 12 Scatterplot showing the relation between Marenzelleria spp. and Hydrobia spp. Correlation: -0,586 
 
High abundance of one of the species seems to be accompanied by low abundance of the other. 
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Fig. 13 Scatterplot showing the relation between Hydrobia spp. and M. balthica. Correlation: 0,418 
 
Significant positive correlation was found between these two species. 
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Fig. 14 Scatterplot showing the relation between Marenzelleria spp. and M. Balthica. Correlation: -0,358 
 
Both M. arenaria and Tubificids has significant negative correlations with Marenzelleria spp.., but 
significant positive correlation with each other.  
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Fig. 15 Scatterplot showing the relation between Marenzelleria spp. and Tubificids. Correlation: -0,381 
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Fig. 16 Scatterplot showing the relation between Marenzelleria spp. and M. arenaria. Correlation: -0,457 
 
 
Both S. filicornis and H. filiformis showed a positive correlation, though this was not significant.  
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Fig. 17 Scatterplot showing the relation between Marenzelleria spp. and S. filicornis. Correlation: 0,246 
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Fig. 18 Scatterplot showing the relation between Marenzelleria spp. and H. filiformis. Correlation: 0,24 
 
Since we could find no literature about the negative correlation between Marenzelleria spp.. and 
Hydrobia spp., a test was conducted to clarify if this correlation was due to Marenzelleria spp.. 
being fond of sandy sediments and Hydrobia spp. being fond of muddy sediments. 
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Hydrobia spp.  1      
Marenzelleria spp. ‐0.304 1   
Mud percentage  0.58 ‐0.226 1
Tab. 6 Spearman's Correlation Matrix between Hydrobia spp., Marenzelleria spp. and percentage of mud 
 
Critical value for 5 % significance, two-tailed test with 12 measurements is 0,591 (Fowler et al., 
1998). No values are significant, but the positive correlation between Hydrobia spp. and Mud, and 
the negative correlation between Marenzelleria spp.. and mud indicates that the characteristics of 
the sediment have a say in this matter.  
 
Diversity 
To see if an area is diverse, a vast number of indices have been used through the history of biology. 
The Shannon diversity index is used in this report, due to fact that it is the most commonly used, 
and emphasizes the less common species relatively more than the Simpson diversity index (Clarke 
& Warwick p. 8-3). 
The samples have some gradient of diversity, ranging from almost no life in sample N5 (close to 
zero) to, for a estuarine bottom, quite a big diversity in G5 (close to 2). Of course this is no 
rainforest, so very high diversities were not expected. 
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Fig. 19 Diversity (Shannon) for each of the samples and total of Isefjord 
 
To see if Marenzelleria spp.. had any effect on the diversity, a plot with the diversity versus 
Marenzelleria spp.. shows that the diversity seems to go up, when Marenzelleria spp.. become more 
abundant.  
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Fig. 20 Marenzelleria spp. abundance against Diversity (Shannon) 
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A correlation test was conducted to further investigate  
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Marenzelleria spp. 1   
Diversity 
(Shannon) 0.377 1
Tab. 7 Spearman’s Correlation matrix of Marenzelleria spp. against Diversity (Shannon). 
 
0.377 is exactly the significance level at (p<0.05) for 28 measurements, thus making the correlation 
positively significant. 
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6.0 Discussion                            
 
6.1 Is Marenzelleria Changing Community Structure of Benthic Macro fauna in Isefjord? 
From the ANOSIM analysis of our data set a significant difference between the station with 
Marenzellaria present and the stations without Marenzellaria emerges. Visual inspection of the 
MDS plots (fig. 8) clearly supports this view although there is an overlap in the two groups and it 
would have been possible to make subdivision of the ‘without Marenzelleria’ group in the MDS 
plot without Marenzelleria (fig. 9). The MDS plot with Marenzelleria present (fig. 8) shows very 
clearly that  Marenzelleria abundance is a factor that groups the data. The stress of 0,18 is high, but 
with patterns this clear there is no reason to doubt them. 
To fully answer this question we need to determine: 
 
6.1.1 What causes the 2 groups to be different? Is it due to Marenzelleria presence and 
interaction with the local members of the fauna community or 
 
Are physical characteristics the main factor that causes this difference? 
The physical conditions measured were plotted as an MDS plot (fig. 10) with most emphasis put on 
grain size that showed a distribution of stations very different from the one obtained from the MDS 
plots of fauna data (fig. 8 and fig. 9). On these grounds it was concluded that Marenzelleria was a 
stronger explanatory factor than physical conditions for the distribution of different fauna 
communities. 
Salinity is not one of the factors that should be used to explain the species distribution, since our 
own measurements of salinity showed only slight variation and hardly any sign of a salinity 
gradient. Isefjord is also in the literature seen as a well mixed body of water (Jensen & Knudsen, 
2005).  
Proximity to Kattegat might have a slight influence on which species are found, for instance in the 
case of Nereis virens found at stations C and S, both relatively close to the mouth of the estuary. 
However we didn’t find N. virens to be one of the major species causing shifts in community 
structure.  
Furthermore when looking at our MDS plots (fig.8 and fig. 9) there is no visible ‘Kattegat gradient’ 
that would suggest this being the reason for the differences in the community structures.  
There seems to be a link between Hydrobia spp.. and Marenzelleria that has to do with grain size. 
This will be discussed later in this chapter. 
    
The difference in communities must thus primarily be related to the biotic factors, the abundance 
and distribution of species and possibly stochastic processes.  
 
Is the presence of Marenzelleria spp. the main factor?    
As the physical characteristics of the stations have little explanatory value the alternative 
explanation offered here, that Marenzelleria is indeed causing changes in community structure in 
the benthic macro fauna, is more likely to be the explanation. It must be noted that as the brackish 
water ecosystems are ever changing (Barnes, 1994) there is a possibility that the changes seen are 
caused by ongoing interactions between indigenous species or mere coincidence (1,6 % likeliness). 
If the interactions between the indigenous species alone was the reason for the differences in the 
community, then the introduction of Marenzellaria spp. would not cause a shift and we wouldn’t be 
able to see correlation between Marenzellaria and some of the indigenous species. Since we do se a 
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shift in the community when Marenzellaria spp. is present it leads us to believe that Marenzellaria 
spp.. in fact plays an important role on the structure of the benthic community of Isefjord.   
 
6.1.2 How is the effect upon the community as a whole? And what happens to the diversity?  
The diversity for all of Isefjord was 1,1 (Shannon diversity index) (fig. 19) which is high compared 
to the Schelde estuary in the Netherlands and Belgium (Ysebaert et al 1993).  
The diversity in brackish water bottoms is usually not very high, especially if it is compared to that 
of a forest or a reef. There could be two different explanations for this.  
Brackish water is inhabited by species that only live here because they are outcompeted by stronger 
species living in salt- or freshwater, but has higher tolerance for critical salinity levels than most. 
Barnes and others argues that estuaries are a harsh place to live, and this is the reason for the 
relative low diversity (Barnes, 1994). 
Another point of view is that estuaries are so relative young that all the niches have yet to be filled 
out. In this view it is not a bad place to live, the right species just need to find it. This argument, 
expressed by A. Remane, (Remane, 1972) among others, seems to promote that, at least in some 
brackish water environments; invasive species enriches the places, namely because there is room for 
more diversity. Marenzelleria spp. was plotted against diversity (fig 18) and a Spearman correlation 
matrix was made (tab. 7). We found that there was a positive significant correlation between the 
two, suggesting that Marenzelleria spp. increases biodiversity. Precaution has to be taken, since the 
mere presence of Marenzelleria spp. itself would act to increase the diversity but only if it did not 
negatively affect indigenous species. It does seem safe to conclude that Marenzelleria spp. is not 
posing any obvious threat to the diversity of the benthic macro fauna of Isefjord as it is now. As 
Marenzelleria spp. abundance is low compared to what has been found in other studies (see 
Introduction) and the invasion seems to be ongoing and has not yet reached its peak, the full impact 
of Marenzelleria spp. is yet to be seen. Studies of the diversity of the fjord over the years are 
needed to realistically conclude on whether Marenzelleria spp. indeed has a positive effect on 
diversity of the benthic macro fauna of Isefjord.  
The changes that occur due to the introduction of Marenzelleria spp. seems to produce a decrease in 
abundance in many of the commonest species. So it does seem as if The occurrence of 
Marenzelleria is not negative for the benthic community as a whole, as diversity is not reduced. 
 
Moreover diversity seems to be very patchy as samples from the same station differ greatly (see fig. 
19) e.g. up to more than a factor 2 in station G and A. 
 
6.1.3 How does Marenzelleria spp. change community structure? 
    
The community consists of many single species, but is far too complex to be fully understood by 
attempting to sum up all single relations. It still remains important to grasp some of the processes 
that happen between a few important species. We have chosen to examine the interactions between 
Marenzellaria spp. and some species that we either found to be significant in our statistical analysis 
and/or species that were found to be important in the literature examined. 
 
The interaction between Marenzellaria spp. and H. diversicolor/N. succinea: 
It seems that Marenzelleria spp. influences on almost all species, except for Hediste 
diversicolor/Neanthes succinea. Earlier studies (Zettler, 1995; Zettler, 1997) show the same 
uncertain picture, with no significant correlation between the two species in the Bodden chain, 
south of Darss-Zingst Peninsula. Even though both species increased dramatically in numbers, it 
seemed there were enough room for them to be not significantly correlated from station to station. 
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A slight negative correlation was suspected between H. diversicolor and juvenile Marenzelleria 
spp. In this project, we didn’t distinguish between adult and juveniles, so this might be part of the 
explanation, since a slight positive correlation between adult Marenzelleria spp. and H. diversicolor 
was seen.  
A later study (Kotta & Kotta, 1998) showed a significant negative correlation in uniform habitats, 
but no correlation in patchy habitats. This picture was later clarified with an experiment in 2001 
(Kotta et al. 2001), which showed that Marenzelleria spp. reduced the survivability of H. 
diversicolor, when put together. This sped up the growth of Marenzelleria spp., probably because it 
used the dead worm as a food source, concluding that H. diversicolor served as a facilitator for 
Marenzelleria spp.  
That this study did not find any significant correlation could be explained by that the test tries to 
make the line that fits best in the graph, and when we look at fig. 11 (numbers of the two species in 
each sample) it seems there are two lines, one where Marenzelleria spp. is present, and one where 
H. Diversicolor/N. succinea is present, making it improbable that the relationship can be described 
as a gradient between the two species. Maybe it could be better explained with a present/not present 
point of view., which is actually an even stronger relation. It means that if one is present (even in 
small numbers) the other disappears. As Hediste diversicolor and Neanthes succinea have both been 
abundant in Isefjord (Rasmussen 1973, pers. com. Gary Banta) and the literature suggests that 
Marenzelleria spp. causes mortality for Hediste diversicolor it must be the conclusion of this report 
that Marenzelleria is displacing Hediste diversicolor/Neanthes succinea, at least on a local scale. 
SIMPER analysis (tab. 4) shows a 67% decrease in Hediste diversicolor/ Neathes succinea 
abundance when Marenzelleria spp. is present. 
Having grouped H. diversicolor and N. succinea into one factor might also act to blur what we see. 
N. succinea is mainly a predator that also preys on quite large prey, like H. diversicolor 
(Rasmussen, 1973) and could thus also be able to prey on Marenzelleria spp. H. diversicolor is 
much more prone to compete with Marenzelleria spp. as both feed mainly as suspension and 
deposit feeders (Little, 2000; Zettler & Bick, 1996; Kotta & Olafson, 2003). 
 
The interacting between Marenzellaria spp. and Hydrobia spp.: 
More interesting is the very significant negative correlation between Marenzelleria spp. and 
Hydrobia spp. A decrease of 24% in Hydrobia abundance was found where Marenzelleria was 
present as compared to when it was not present (tab. 4). To our knowledge this relationship is 
previously undescribed. Further studies is needed to make sure that it’s not due to experiment errors 
or by chance (being less than 1%, the latter is highly unlikely). It would also be interesting to 
investigate the reason for this negative correlation. Is it competition for food or space, and what 
species is the superior competitor? 
A different explanation could be that Hydrobia spp. has a positive effect on the bivalve Macoma 
balthica. And since M. balthica is know to outcompete Marenzelleria spp. (kotta et al 2001), an 
indirect competition could be the explanation. 
But all this is just speculations, further studies has to be conducted to either verify or falsify the 
assumption.  
 
Since we could find no literature about the negative correlation between Marenzelleria spp. and 
Hydrobia spp., a test (see tab. 6) was conducted to clarify if this correlation was due to 
Marenzelleria spp. being fond of sandy sediments (i.e. less muddy) (as mentioned in Zettler et al 
2002) and Hydrobia spp. being fond of muddy sediments (Rasmussen, 1973). 
Critical value for 5 % significance, two-tailed test with 12 measurements is 0,591 (Fowler et al 
1998). No values are significant, but the positive correlation between Hydrobia spp. and mud, and 
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the negative correlation between Marenzelleria spp. and mud indicates that the characteristics of the 
sediment have a say in this matter. Spearman’s Correlation Matrix also shows it clearly that 
Marenzellaria spp. is the one who mostly prefers the sandy sediments. 
 
The mud snails feed upon microorganisms associated with sediment particles (Lopez & Levinton, 
1978). Hydrobia spp. feed mainly on benthic diatoms (Fenche et al., 1975). As Marenzelleria spp. 
also acts as a deposit feeder (Kotta & Olafson, 2003) competition is also a possible explanaition for 
the negative correlation. 
According to our data analyses, it is obvious that there is a negative correlation between the species 
of Hydrobia spp. and Marenzellaria spp. However, still there is no updated and confirmed data of 
how they interact with each other. The above mentioned hypothesis of indirect interaction can be 
one of the answers for this question. As can, the two species preference of sediment types or direct 
competition.  
 
The interaction between Marenzelleria spp. and Macoma balthica  
Kotta et al. (2001) suggested that Macoma balthica competes with Marenzelleria spp., the latter 
being the stronger competitor and thus is a possible key factor determining the distribution pattern 
of Marenzelleria spp. 
Experimental setup with M. balthica and Marenzelleria spp showed: No mortality for M. balthica, 
enhanced growth for M. balthica with Marenzelleria spp present as compared to control and 
significant mortality for Marenzelleria spp (p< 0,05) in their experiment (Kotta et al., 2001). 
Competition should occur for food, as both M. balthica and Marenzelleria spp are deposit feeders 
(Kotta et al,.2001; Kotta & Olafson, 2003) although Marenzelleria spp also is a suspension feeder 
(Zettler & Bick, 1996). 
The data derived from this survey can be interpreted to support these findings. 
At stations I and O Marenzelleria spp was not found, these being the stations with the highest 
abundance of M. balthica. But also being stations in the inner Fjord, meaning that Marenzelleria 
spp might not have dispersed to that point. 
At station G 6 Marenzelleria spp were found in G3 and 4 in G5, 1 M. balthica was found in G5. 
In sample N5 1 Marenzelleria spp and no M. balthica, in N4 2 M. balthica and no Marenzelleria 
spp were found. Having this in mind and looking at figure 13, it seems that although no significant 
linear correlation between the two species was found in this survey, a relation between them as 
described by Kotta et al.2001 does seem very likely. They never occur in high (relative to the other 
stations) abundances both. Between samples from the same station a relative high of one is 
accompanied with a relative low of the other (see also fig. 14).   
According to the findings of Kotta et al. (2001) pattern of a rise in M. balthica abundance and 
decline in Marenzelleria spp abundance should succeed a rise in Marenzelleria spp abundance. 
Since the time-scale of this survey does not allow any conclusions about changes over time, what 
can be concluded upon is merely that the data at hand do support (though not strongly) the view that 
competition between Marenzelleria spp and M. balthica occur in the sandy, shallow parts of 
Isefjord. Another prediction of Kotta is that Marenzelleria spp might not be able to establish itself 
in areas with high M. balthica abundance. If the areas were stations I and O were sampled from 
have high M. balthica abundance all over, this might act as a barrier that prevents Marenzelleria spp 
from dispersing into the Inner Broad. 
M. balthica has been relatively rare prior to the 1960’s, but has become very abundant in sediments 
of mixed sand and silt (Rasmussen, 1973). Marenzelleria spp is said to prefer sand or gravel 
bottoms at depth below 10 m (Zettler et al., 2002). This difference in habitat preferred might also 
have an important effect upon the distribution of the two species. 
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The Interaction between Marenzelleria spp. and Mya arenaria: 
We found that there is a significant negative correlation between the abundance of Marenzellaria 
spp.. and Mya arenaria in the outer part of Isefjord and an abundance decrease of 98% (tab. 4). 
However, we found no previous records of this correlation in the literature, but there are a variety of 
records suggesting that competition is the primary regulatory factor for the abundance of M. 
arenaria. M. arenaria is a large deep burrowing clam that inhabits sandy bottoms of esuaries and 
marine envornments, reaching depths in the sediment of 20-30 cm; the same range as Marenzellaria 
spp.. (Byers, 2007). The species falls in the same category of invasive species as Marezellaria spp. 
and is known be a dominant part of the benthic community. So the question is wether or not 
Marenzellaria spp. outcomepetes M. arenaia (or vice versa) or if we simply see a niche 
differentiation between the two species. Since both species occupy the same niches when found 
separately, there is a strong chance that some sort of competition is taking place in Iseford but 
whether it is competition for space of resources we can only speculate. Perhaps disturbances caused 
by the burrowing of the one species effects the other species. Another possibility is that the two 
species are not found together simply because Marenzellaria spp. has not gotten to all part of the 
fjord yet. Competition between the two species may not even be necessary since the abundance of 
both species may very well be far below the carrying capacity for the species in this site.   
   Both M. arenaria and Tubificids has significant negative correlations with Marenzelleria spp., but 
significant positive correlation with each other. This indicates that Marenzelleria spp. either fills out 
the niches where M. arenaria and Tubificids is not abundant, or Marenzelleria spp. is outcompeting 
them.  
 
The interaction between Marenzellaria spp. and Tubificids 
Relations between tubificids and Marenzelleria spp. are previously undescribed. In our study 
Tubificids decreased in abundance (86%) (tab. 4) when Marenzelleria was present and showed a 
significant negative correlation (tab. 5).  Fig. 15 also supports a strong relation between the two. 
No explanation for interaction is offered here although in literature (Zettler 1996) Marenzelleria is 
reported to have negative correlation with naidids, that are currently placed in the same family as 
tubificids but are up for taxonomical revision . (C. Erseus, M. J. Wetzel, L. Gustavsson, 2008). 
 
 
The interaction between Marenzellaria spp. and Spio filicornis/Hederomastus filiformis: 
Both S. filicornis and H. filiformis has weak positive correlations with Marenzelleria spp.., though 
neither are significant. If we look at numbers of each of the species plotted against numbers of 
Marenzelleria in each sample (fig. 17 and fig. 18) we see a chaotic pattern, making it likely that the 
introduction of Marenzelleria spp.. has no clear effect on neither. An interesting note is that we 
found quite many S. filicornis, when Rasmussen 1973 found that they were quite rare.  
 
The interaction between Marenzellaria spp. and Corophium volutator: 
Corophium occurs only in three of our samples and only when Marenzelleria is not present. 
Especially interesting is that Corophium volutator was found in sample E2 where Marenzelleria 
was not present and was not found in sample E1 where Marenzelleria was present. This could 
suggest that Marenzelleria indeed is outcompeting Corophium volutator (Zettler, 2002) on a small 
spatial scale. However, since we are dealing with only few counts of Corophium the risk of errors 
are indeed present. 
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6.2 Marenzelleria abundance and distribution 
Marenzelleria spp. was found nowhere in the inner part of the Isefjord (see fig. 7). Nor was 
Marenzelleria spp. found in K, L or M, near Nykøbing Sj. At station S, a few km south of Rørvig 
no Marenzelleria spp. was detected either. Marenzelleria spp. is found at stations on both sides of 
the coast of these stations. Thus dispersal might not have been the reason why Marenzelleria spp. is 
not found at these stations. The patchiness of Marenzelleria spp. coupled with its low abundance is 
a possible explanation why Marenzelleria spp. was not found at these stations. Another reason 
could be the shelthered environment of these areas making them less favourable for Marenzellaria 
spp. There is however no evidence in our data suggesting that the physical parameters (salinity, 
org.content, buttom type) that we measured is the reason for Marenzellaria spp. not being present.  
It is fair to conclude that a model of gradual abundance increase moving into the fjord is too simple, 
since station G shows the second highest abundance even though it is the southernmost station with 
Marenzelleria spp. present. It could be possible that Marenzelleria spp. has dispersed mainly in the 
deeper areas and therefore reached shallow waters less systematically. The high abundance at 
station G could also possibly be due to the harbour in connection to the power plant Kyndbyværket. 
Ships might have changed ballast water when being anchored here. 
 
None of the stations had high densitites compared to the abundances reported in the literature (up 
towards 40.000 individuals m-2)(Kotta et al., 2006) highest abundance was at station C (396 m-2).  
 
 
6.3 Discussion of survey setup 
The main points to be discussed in the next section are in regards to the way the survey was 
designed. The major issues will be discussed. 
 
6.3.1 Are the stations without Marenzellaria spp. representative of Isefjord in the time before 
the invasion of Marenzellaria spp. or do they simply represent areas unfit for the presence of 
the species? 
This is important because we assume that Marenzelleria spp. has spread to the stations it is found at 
mainly because it has not yet reached the others. We therefore assume implicitly that the stations 
without Marenzelleria spp. are in fact Isefjord before Marenzelleria spp. established itself.  
This might not be the case for stations K,L,M and particularly station S however.  
 
As mentioned in the Methods section of the report; 2 samples were taken at each station within an 
approximately 60m² area. The idea was to sample in a way that would make it possible to regard 
each station as a unit. The patchiness of the species distribution is often at smaller scales which is 
why only samples are used as analytical units in this report, except for the abundance mapping. 
Marenzelleria spp. patches are between 0.4 m² and 9 m² (Zettler & Bick, 1996) and thus the 
abundance calculations should be cautiously applied. Had it been possible to sort and identify 5 
samples form each station the uncertainty would have been diminished greatly (although not 
disappeared). Still, the variability between replicates from the same station are generally lower than 
the ones from different stations.  
Samples from the same station are still quite similar as can be seen on the MDS plots (fig. 8 and 
fig.9). They mostly are placed close to each other being one of the 3 most similar samples to each 
other. Exceptions being only samples from stations E and O.  
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6.3.2 Laboratory or field work? 
In doing a survey rather than a laboratory experiment, we get a good and representative picture of 
the situation present in the environment. There are however many parameter and variances 
occurring in nature which makes it difficult to give a simple explanation for observed changes.  
Especially when dealing with complex communities, that may be controlled or limited by more than 
one factor. If we had instead chosen an experimental approach to our problem formulation we 
would perhaps have been able to give a stronger argument on whether or not there is competition 
between Marenzellaria spp and some of the other key species mentioned in this report, but the 
results would not have taken all environmental factors into account so the risk of making strong but 
not as representative arguments would have been present.  
Since the presence of Marenzellaria spp. in Isefjord is so recent it has not been possible to look into 
previous studies of the exact same site for comparison over time 
 
 
6.3.3 Problems regarding the use of the Marenzellaria genus 
Since we only deal with Marenzellaria as a genus in this report there is unavoidably a source of 
error in not knowing exactly which one of the subspecies we have dealt with or if in fact there are 
more than one subspecies occurring in our data set.   
 
Ken Christophersen of Roskilde University Centre will supply data on the subspecies in Isefjord. 
We expect that Marenzelleria Viridis is the subspecies found in Isefjord. M. Viridis occurs down to 
some 16‰ which is consistent with the salinities we measured in Isefjord (Jensen & Knudsen, 
2005). Geographical distribution further supports the view that M. Viridis is most likely to be found 
in Isefjord, but the uncertainty should be considered in this study. 
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7.0 Conclusions         
 
In doing our survey on the benthic community of Isefjord we found that there is a significant 
difference in the local macro fauna communities, when Marenzelleria spp.. is present compared to 
when its not present. Therefore we conclude that the presence of this species does affect the benthic 
macro fauna communities, reducing the abundance of several important indigenous species (at least 
locally). 
 
Tentative evidence was found that Marenzelleria spp.. eliminates Hediste diversicolor/ Neanthes 
succinea. 
 
Further more we found a negative correlation between Marenzelleria spp.. and Hydrobia spp. that 
could be due to competition. 
 
With regards to the interactions between Marenzelleria spp.. and Macoma balthica we found our 
data to support the theory by Kotta et al.(2001) that there is competition between the two species.  
 
Mya arenaria was found to have a significant negative correlation with Marenzelleria spp.. but no 
sufficient explanation could be supplied.  
 
We found no evidence to suggest any interaction between Marenzelleria spp.. and Spio filicornis 
and Heteromastus filiformis.  
 
Based on our calculations of the Shannon-Weaver diversity index there seems to be no reason to 
believe that the presence of the polychaete Marenzelleria spp.. has any negative impact on species 
diversity.   
 38
8.0 Perspectives      ____                    
 
It seems that Marenzelleria spp. is spreading into Isefjord, and it is most likely that this spreading 
has just begun. We find maximum densities of less than four hundred square metres, whereas in 
literature abundances of more than hundred times that are described. Since Isefjord offers suitable 
conditions, it is probable that the polychaete numbers will rise in the future. 
Marenzelleria spp. might spread all around the fjord. What is yet to be proven is that Marenzelleria 
spp. will cause serious harm to the other species living in the fjord. Our data suggests that this could 
be true for some species but also that there might be room for the newcomer. Emphasis might be 
placed on the number of species, or the overall biodiversity in the fjord. 
 
This invasive momentum won’t be forever, and local species could find a way to remain in the area. 
Even though abundances might change, as Marenzelleria seems to occur only in patches, it could 
very well be possible that none of the old species will go extinct. 
On those grounds we suggest no action to be taken against Marenzelleria spp. invasion but strongly 
recommend further monitoring. Studies that are performed over a period of years would be 
appropriate to see what long term impact Marenzelleria spp. has on the local fauna in Isefjord. 
 Laboratory experiments of the competition between Hydrobia spp. and Marenzelleria spp. is also 
highly recommended, so that it could be clarified if there is a direct link between the two. 
 
In the mainstream newsflow, invasive species are often labelled as bad, with few arguments. This 
might be because there through time have been very severe cases of invasive species, massivly 
disturbing the local biological balance (ex. Introduction of house cats to Hawaii, or the incoming 
“killer snail” in Denmark). One may say that “nature doesn’t care”, meaning that there has always 
been dramatic changes throughout history; just think about the dinosaurs.  
It has become part of the “common knowledge” that we should preserve local biodiversity, and a 
weapon we have to do this is keeping the newcomers out. Is this racism?  
Our report states that it’s not always “bad” with newcomers, since Marenzelleria spp. seems to 
strengthen the biodiversity, if this could be seen as a good in itself. In the end, what is good and 
what is bad is based on what perspective you have.  
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9.0 Appendices                                
 
Appendix 1 Species found and counted in each sample (complete fauna data) 
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gravel>4mm    pebble  red 
very fine gravel <4mm  granule  red 
very coarse sand<2mm  sand  green 
coarse sand <1mm    sand  green 
medium sand <500    sand  green 
fine sand <250    sand  green 
very fine sand<125    sand  green 
silt <63    mud  yellow 
Appendix 2 The Wentworth scale 
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